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Potassium fertilizer residues increase both the
readily exchangeable and also the potentially useful
(but non-exchangeable) K reserves in many soils
(Reitemeier, 1951). Crops often use non-exchange-
able reserves as well as exchangeable K, but little is
known about the relative importance of the two frac -
tions. The potassium-supplying powers of soils from
the Agdell RotationExperiment at Rothamsted have
been assessed in glasshouse experiments with parti-
cular emphasis on the relationship between falls in ex -
changeable K and the accompanying release of non-
exchangeable K. The Agdell Rotation Experiment,
started by Lawes and Gilbert in 1848, was on a heavily
chalked soil overlying clay-with-flints. The history
of the experiment which tested three fertilizer
treatments (none, PK and NPK) and two crop
rotations (swedes, barley, a legume, usually clover,
wheat and, swedes, barley, fallow, wheat) was
described by Warren (1957). K fertilizer treatments
stopped in 1948; since then the NPK plots, which
had become acid, have been limed. The residues of
K in the Agdell soils are derived from only 3-3J cwt.
K2SO4/acre applied to the PK and NPK plots,
respectively, once every 4 years from 1848 to 1948.
Using yield and crop composition data obtained
before 1919, Warren (1957) estimated the excesses
of added fertilizer K over the amounts of K with-
drawn by the crops to be 15, 7, 20 and 10 lb. K/acre/
year for the PK-rotation with fallow, PK-rotation
with clover, NPK-rotation with fallow and NPK-
rotation with clover plots, respectively. If during
the 100 years of the experiment, these excesses
accumulated in the soil in an available form, then
the PK-fallow, PK-clover, NPK-fallow and NPK-
clover soils would contain, respectively, about 1500,
700, 2000 and 1000 lb./acre more K than plots
receiving no K fertilizer.
One soil from the long-term Rotation I Experi-
ment at Saxmundham, Suffolk, was cropped in a
'take-down' glasshouse experiment (where com-
plete replicates were dismantled at the even-
numbered harvests) to indicate the relationship
between the release of non-exchangeable K and falls
in the exchangeable K. The data for the Saxmund-
ham soil, which is known to be a good releaser of
non-exchangeable K, help in the interpretation of
the data for the Agdell soils.
SOILS USED
Six topsoils (0-23 cm.) and two subsoils (23-
46 cm.) were taken from the Agdell site in spring
1958 for the glasshouse experiment; exchangeable
K contents are in Table 1.
Soil for the 'take-down' experiment was from
the plots (no. 5, sections 1-4) which had 1 cwt.
KCl/acre/year since 1899 in the long-term Rota-
tion I Experiment at Saxmundham, Suffolk. The
soil contains 0-5-1-0% CaCO3 and overlies cal-
careous boulder clay; it has been described by
Cooke, Mattingly & Williams (1958).
Pot-culture technique
Methods were the same as described by Arnold &
Close (1961). The Agdell soils (400 g. soil plus 200 g.
crushed quartz, 2-4 mm.) were cropped in triplicate
with perennial rye-grass (S. 23) in three randomized
blocks, each of eight pots. N and P were supplied
as diammonium phosphate and ammonium nitrate
together with enough Mg to prevent acute de-
ficiency. Eighteen pots were cropped with perennial
rye-grass in the 'take-down' experiment on the
Saxmundham soil, so that three could be removed
for analysis after each of the even-numbered
harvests. N and P (but no Mg) were added during
the cropping.
Table 1. Soils from the Agdell Rotation
Experiment
Treatments 1848-1951
Fertilizer
None
P K
N P K
None
P K
Rotation
Topsoil (0-23 cm.)
Fallow
Clover
Fallow
Clover
Fallow
Clover
Subsoil (23-46 cm.)
Fallow
Fallow
Exchangeable K
mg./lOO g. soil
12-0
120
20-0
160
18-0
14-0
15-5
170
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ANALYTICAL METHODS
Exchangsable K was determined before and after
cropping by leaching 2 g. air-dry soil with excess
neutral N ammonium acetate. Grass samples were
dried at 100° C. and total K was extracted by
soaking overnight 1 g. of ground sample in 50 ml.
cold 0-5 N-HC1. A 2-day extraction in cold HC1 was
used for the roots and stubble. An EEL flame-
photometer was used to measure K in the solutions.
RESULTS
Agdell soils
The yields of dry matter (g./400 g. soil) and the
cumulative K uptakes by the harvested grass grown
on the potted Agdell soils are in Tables 2 and 3.
Yields declined after the second harvest but the
cumulative K uptakes by the harvested grass
(Fig. 1) increased steadily up to the sixth harvest.
K supplies were exhausted from all the soils by the
ninth or tenth harvest. Over the whole experiment
releases of non-exchangeable K ranged from 20 to
44 mg. K/100 g. soil. For the topsoils the total K
uptakes by the harvested grass and the roots and
stubble were linearly correlated with initial ex-
changeable K contents of the soil (Fig. 2).
Soils from the 'no-fertilizer' fallow and clover
plots behaved similarly. More non-exchangeable K
was released from the fallowed soils than from the
clover-cropped soils on both PK- and NPK-treated
plots; the largest reserves were in the PK-treated
fallow soil. The experiment showed that Agdell
topsoils released non-exchangeable K in the order:
PK-rotation with fallow > NPK-rotation with
fallow > PK-rotation with clover > NPK-rota-
tion with clover > no-fertilizer-rotation with fallow
= no-fertilizer-rotation with clover. The K release
from the subsoil of the ' no-fertilizer' plot was about
the same as the topsoil but the PK-treated subsoil
was not as good as its topsoil. Data for the Agdell
soils are summarized in Table 4 assuming that there
are 2,600,000 lb. soil/acre to a depth of 23 cm.
Saxmundham soil
In the 'take-down' experiment on the Sax-
mundham soil, the grass grew slowly at first under
supplementary lighting (high-pressure mercury
vapour lamps without internal reflectors) in winter
1957. By the twelfth harvest all the usable K had
been exhausted. Fig. 3 relates the fall in exchange-
able K to the release of non-exchangeable K.
Releases of non-exchangeable K were calculated
from the total K uptake by the harvested grass
plus roots and stubble, minus the fall in exchange-
able K in the soil (each point on the graph is the
mean of data for three pots). The exchangeable K
of the soil had fallen sharply by the second harvest,
but most of the release of non-exchangeable K.
occurred later during a period when exchangeable K
only fell slightly. Such behaviour, in which the
release of non-exchangeable K lags behind the fall
in exchangeable K, is typical for intensively cropped
soils.
PK (fallow)
a.
DO
S.20
E
is 10
oo-
NPK (fallow)
PK (clover)
_
PK (fallow, subsoil)
N?K (clover)
Nil (fallow, subsoil)
Nil (fallow)
Nil (clover)
1 I i 4 5 t> / 8 9 10
100 200 300 400 500
Days
Fig. 1. Cumulative potassium uptakes by perennial
rye-grass grown on Agdell Rotation Experiment soils in
the glasshouse ( f = harvest number). Seed sown on
25 April 1958.
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Fig. 2. Relationship between total potassium uptake by
grass and initial exchangeable potassium content of
Agdell soils ( • topsoil, x subsoil).
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Table 4. Potassium status of Agdell soils assessed by continuous cropping with
Treatments 1848-1951
Fertilizer
None
P K
N P K
None
PK
Rotation
Fallow
Clover
Fallow
Clover
Fallow
Clover
Fallow
Fallow
perennial rye-grass in the glasshouse
Total potassium Increase over
uptake by rye-grass no-fertilizer-fallow(lb. K/acre)
670
670
1430
1030
1260
880
(lb. K/acre)
Topsoils
0
+ 760
+ 360
+ 590
+ 210
Subsoils
Release of
non-exchangeable*
(lb. K/acre)
590
590
1140
830
950
660
690
870
540
670
Increase over
no-fertilizer-fallow
(lb. K/acre)
0
+ 550
+ 240
+ 360
+ 50
+ 180
* Calculated from measured falls in the exchangeable potassium in soils.
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Fig. 3. Relationship between the fall in exchangeable
and the release of non-exchangeable potassium in the
Saxmundham soil (initial exchangeable potassium was
28-0 mg. K/lOOg. soil).
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Fig. 4. Relationship between release of non-exchange-
able potassium and time for the Saxmundham soil.
Seed sown on 21 November 1957.
Fig. 4 relates the release of non-exchangeable K
with the duration of cropping. Arnold&Close (1961)
concluded that for a number of intensively cropped
British soils, the main changes of slope in the
cumulative K uptake curves occurred when loosely
held non-exchangeable K was exhausted. For the
Saxmundham soil the marked change of slope in
the non-exchangeable K release curve (Fig. 4)
illustrates this more clearly; during the earlier
stages of cropping, non-exchangeable K came mainly
from relatively loosely held reserves, but after these
were depleted, ' native ' reserves alone were utilized.
While loosely held non-exchangeable K was being
released the soil supplied 0-19 mg. non-exchange-
able K/100 g. soil/day or approximately 5 lb. K/
acre/day. Towards the end of the cropping, 'nat ive '
K was released at only about 0-25 lb. K/acre/day.
The observed near-linear rate of release of loosely
held non-exchangeable K over about 300 days
suggests tha t the release rate was independent of
the amount of K remaining in the loosely held
form.
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DISCUSSION
As there is a reversible reaction between the
exchangeable K and a part of the non-exchangeable
K (Reitemeier, 1951), falls in the exchangeable K
will favour releases of non-exchangeable K, until
equilibrium is re-established. Fig. 1 shows that the
cumulative K uptakes by grass from the Agdell
soils increased without marked fall-off for about
200 days and declined simultaneously on all the
soils. Because a 'take-down' procedure was not
used for the Agdell soils, progressive falls in ex-
changeable K were not measured and, therefore,
the cumulative uptake curves do not reflect the
rate of release of loosely held non-exchangeable K.
It is, however, likely that, as with the Saxmundham
soil, exchangeable K in the Agdell soils was reduced
nearly to the final low values by the fourth harvest.
K uptakes between the fourth and sixth harvests
would, therefore, be mainly from loosely held non-
exchangeable sources, and it is relevant that over
this period the rates of K uptake from Agdell top-
soils remained constant. There is good evidence
from the Saxmundham soil (Fig. 4) and some
evidence from the Agdell soils that the rate of
release of loosely held non-exchangeable K takes
place at a near-linear rate under intensive cropping.
Mortland (1958) in laboratory leaching experi-
ments, found that the rate of release of part of the
'native' K from biotite was independent of the
amount remaining in the mineral. Ellis & Mortland
(1959) and Mortland & Ellis (1959) found, however,
that the rate of release of' fixed' K from weathered
biotite and from vermiculite decreased logarithmic-
ally with time. It is not known why a part of the
non-exchangeable K in the Saxmundham and
Agdell soils behaved like that released in the early
stages from unweathered biotite. This result is
unexpected because the K most likely to be released
would be akin to the K 'fixed' in vermiculite or
would come from the highly weathered planes in
dioctahedral micas as they expand (Jackson et al.
1952).
Using the final low exchangeable K levels of the
air-dry Agdell soils, ratios for 'release of non-
exchangeable K' : ' fall in exchangeable K' ranged
from about 3 for the NPK-treated soils to over 7
for the 'no-fertilizer' soils; values of about 4 and
3-5 wore obtained for the PK-treated soils and sub-
soils, respectively. Because air-drying soils that
have been intensively cropped may increase ex-
changeable K (Reitemeier, Brown & Holmes 1951),
the significance of these ratios is difficult to assess;
most of the falls in exchangeable K were small and
rises of only 3 or 4 mg. exchangeable K/100 g. soil
on drying would greatly influence the ratios.
Fig. 2 shows a linear correlation between the
total K uptakes on cropping to exhaustion and the
25
initial exchangeable K contents determined on the
air-dry Agdell soils. Over the limited range of
initial exchangeable K contents of the Agdell top-
soils the size of the useful total K reserve was
directly proportional to the initial 'equilibrium'
levels of exchangeable K. Extrapolating the data
in Fig. 2 indicates that at levels of about 5 mg.
exchangeable K/100 g. topsoil, uptake of K by rye-
grass would not occur or, alternatively, after
cropping to exhaustion a common low exchangeable
K level would be reached near 5 mg. K/100 g. top-
soil. The limited data for the subsoils suggest that
the final low level of exchangeable K was larger
(ca. 10mg. K/100 g. soil); the higher clay content
(40%) in the subsoil compared with the topsoil
(25 %) may account for the difference. Releases of
non-exchangeable K calculated from the extra-
polated final low exchangeable values of 5 and
10 mg. exchangeable K/100 g. topsoil and subsoil,
respectively, gave ratios for 'release of non-ex-
changeable K ' : ' fall in exchangeable K' of between
2-6 and 2-7 for the topsoils and 3-8 for the subsoils,
whether or not K fertilizer had been applied.
The reserves of K in the Agdell soils, measured
by glasshouse cropping (Table 4) are smaller than
the average excesses of added K over the amounts
withdrawn by crops as estimated by Warren (1957).
The fate of the bulk of the estimated excesses of
added K is not known; some may have been leached
out of the soil and some may have been 'fixed'
in inaccessible forms. Even if the pot technique
correctly grades the soils according to their ability
to release K, it may not give the same results as
field cropping during which soils are subject to
varying moisture stresses, large changes in tempera-
ture (being frozen in most winters), are cultivated
each year and are rested in winter. An additional
complication is that roots of field crops explore an
unknown volume of soil and the relative importance
of topsoil and subsoil as sources of K is not known.
SUMMARY
1. On cropping Agdell Experiment topsoils to
exhaustion with perennial rye-grass in the glass-
house the total K uptakes were directly propor-
tional to the initial exchangeable K contents of the
soils.
2. The ability of the Agdell topsoils to release
non-exchangeable K under glasshouse conditions
decreased in the order: PK-rotation with fallow
> NPK rotation with fallow > PK-rotation with
clover > NPK-rotationwithclover > no-fertilizer-
rotation with fallow = no-fertilizer rotation with
clover.
3. Releases of non-exchangeable K were at least
2-5 times larger than the falls in the exchangeable K
for all the Agdell soils.
Agr. Soi.
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4. In a ' take-down' experiment in the glasshouse exchangeable K in the Agdell soils was also released
on a soil receiving K fertilizer each year in the at a near-linear rate.
Saxmundham Rotation I Experiment, loosely held
non-exchangeable K was released at a near-linear The authors are indebted to Mr J. H. A. Dun-
rate. At least a part of the loosely held non- woody for the statistical analysis.
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